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TITLE 

METAL-ARC WELDED T i  - 6Al-  4V, ' Ti-4Al-  4V, AND T i  - 5 A 1 -  2%n TITANIUM ALLOYS 

An i n v e s t i g a t i o n  h a s  been made o f  t h e  w e l d a b i l i t y  o f  t h r e e  commercial 
h e a t s  o f  t i t a n i u m ,  v i z . ,  two a lpha-  b e t a  a1 l o y s  c o n t a i n i n g  4% vanadium with  
4% and 6% aluminum and one a l l - a l p h a  a l l o y  c o n t a i n i n g  2%% t i n  w i t h  5% 
aluminum. W e l d a b i l i t y  was e v a l u a t e d  on t h e  b a s i s  of  t e n s i l e  t e s t s  and 
n o t c h e d - b a r  impact .  Welding was accomplished by means of t h e  i n e r t - g a s -  
s h i e l d e d  consumable -e lec t rode  p r o c e s s  u s i n g  both  match ing  and u n a l l o y e d  
w i r e  as  f i l l e r  m a t e r i a l .  

The t e n s i l e  s t r e n g t h  ~ f  t h e  Ti-6A1-4V welded w i t h  matching f i l l e r  was 
h i g h e s t  (152,000 p s i ) ;  a l l  of t h e  m a t e r i a l s  gave 100% j o i n t  e f f i c i e n c y  when 
welded w i t h  matching f i l l e r  ( a t t e n d e d  by 7 - 13% e l o n g a t i o n ) .  With u n a l l o y e d  
f i l l e r  t h e  t e n s i l e  s t r e n g t h  of t h e  weld d e p o s i t  was somewhat lower and t h e  
weld meta l  d u c t i l i t y  h i g h e r  than  w i t h  match ing  f i l l e r ,  Consequent ly ,  w i t h  
u n a l l o y e d  f i l l e r ,  t e n s i l e  f r a c t u r e s  o c c u r r e d  i n  t h e  weld d e p o s i t s  a t  joint 
e f f i c i e n c i e s  of 90 - 96%. The improved d u c t i l i t y  and l o s s  of s t r e n g t h  i n  
t h e  c a s e  of t h e  welds msde w i t h  u n a l l o y e d  f i l l e r  was a t t r i b u t e d  t o  t h e  lower 
a l l o y . c o n t e n t  of  t h e  weld d e p o s i t s .  

With regard  t o  n o t c h  toughness ,  t h e  Ti-4A1-4V h e a t  had an advantage o v e r  -- e i t h e r  of  t h e  o t h e r  h e a t s  i n v e s t i g a t e d .  Moreover, t h e  low- a l l o y  a l p h a -  b e t a  
welds o b t a i n e d  w i t h  u p a l l o y e d  f i l l e r  wi re  were markedly s u p e r i o r  t o  b o t h  
t h e  a l p h a - b e t a  welds o b t a i n e d  wi th  match ing  f i l l e r  wi re  and t h e  a l l - a l p h a  
Al-Sn welds o b t a i n e d  w i t h  e i t h e r  u n a l l o y e d  o r  ma tch ing  f i l l e r  wi re .  The 
d e t r i m e n t a l  e f f e c t  o b t a i n e d  from t h e  u s e  o f  u n a l l o y e d  wi re  i n  we ld ing  
T i -  5A1- %Sn was unexpected.  
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Background 

I n  an e a r l i e r  i n v e s t i g a t i o n  a t  Watertown A r s e n a l  ~ a b o r a t o r i e s l  t h e  
t e n s i l e  p r o p e r t i e s  and n o t c h  t o u g h n e s s  o f  an i n e r t - g a s - s h i e l d e d  t u n g s t e n -  
a r c  we ld  i n  a s i n g l e  h e a t  o f  t h e  Ti-6A1-4V a l , loy-  were e v a l u a t e d .  A s  a  
b a s i s  o f  compar i son  a  l i m i t e d  number of  t e s t s  were a l s o  r u n  on a s i n g l e  
h e a t  o f  Ti-5Al-2XSn a l l o y .  I n  e a c h  c a s e  t h e  f i l l e r  c o n s i s t e d  o f  s t r i p  
s h e a r e d  from t h e  p l a t e  b e i n g  welded.  The r e s u l t s  a r e  summarized i n  T a b l e  I. 

TABLE I 

I 

*CORN is the swn of the $arbon, gzygen, hydrogen, and n i t rogen  contents  i n  w i g h t - @ r c e n t .  
* " ~ r a c t w e  occurTed in the we ld depas i t .  

***Mcdified ( . 1 Q 7 x  ,788 x 2.12 'Cnchl V notch Char& im+ct notched i n  the wId depos i t .  

Material 

Type 

6AL-4V 
5A1- &&I 

? 

Because  t h e  above d a t a  o b t a i n e d  i n  t h e  e a r l i e r  i n v e s t i g a t i o n  were l i m i t e d  
( s i n g l e  h e a t s ) ,  a d d i t i o n a l  m a t e r i a l s  were  p r o c u r e d  f o r  t e s t .  

I 
- - -  3.- 

Weld Chemistry Transver se  T e n s i l e  I ness*'* 

O b j e c t i v e  and Scope 

I I 1 Yield 1 U l t .  I R.A. ' 1  ft-lb 
Heat - 

M1801D 
D30540B 

I t  w a s  t h e  o b j e c t  o f  t h i s  i n v e s t i g a t i o n  t o  compare t h e  t e n s i l e  and 
n o t c h e d - b a r - i m p a c t  p r o p e r t i e s  o f  t h r e e  c o m p o s i t i o n s i n  b o t h  t h e  a s - r e c e i v e d  
and a s - w e l d e d  c o n d i t i o n s .  The m a t e r i a l s  were g - i n c h  Ti-6A1- 4V, Ti-4A1-4V, 
and Ti-5Al-2%Sn p l a t e  i n  t h e  m i l l - a n n e a l e d  c o n d i t i o n .  E v a l u a t i o n  o f  t h e  
b a s e  m e t a l s  and weld  d e p o s i t s  was b a s e d  on t h e  m e c h a n i c a l  p r o p e r t i e s  a s  
d e t e r m i n e d  wi th  a s u b s i z e  t e n s i l e  and t h e  m o d i f i e d  ( .  197- x . 7 8 8 - x  2 . 1 2  i n c h )  
V n o t c h  Charpy  i m p a c t  spec imen .  

MATERIALS 

COHN* 

.25  

. 2 3  

The m a t e r i a l s  u s e d  d u r i n g  t h i s  i n v e s t i g a t i o n  t o g e t h e r  w i t h  t h e i r  
c h e m i c a l  a n a l y s e s *  a r e  l i s t e d  i n  T a b l e  11. T h i s  i n c l u d e s  s i n g l e  h e a t s  o f  
Ti-6A1- 4V, Ti-4A1- 4V, and T i -  5Al- 2XSn a s  & - i n c h  p l a t e  t o g e t h e r  w i t h  a l l o y  
wire  o f  m a t c h i n g  c o m p o s i t i o n  and a s i n g l e  h e a t  o f  u n a l l o y e d  t i t a n i u m  w i r e .  .% 

These  m a t e r i a l s  were o b t a i n e d  from commerc ia l  s u p p l i e r s  i n  t h e  a n n e a l e d  
c o n d i t i o n .  The a n a l y s e s  a r e  t y p i c a l  o f  commerc i a l1  y  a v a i l a b l e  m a t e r i a l s .  

DALEY, D .  M.! Jr., and HARTBOWER, C .  E. ,  'IAn Inueatigat ion the Mechanical ~ r o f i e r t i e r  of Metal- 
Arc Ve Lded Tt-6Al-YV," krAL Report No. ~ 0 1 / 2 5 0 ,  The Welding o u r a l ,  uo l .  36(Y), ( A W i l  18571. 

Al 

5.69 
4.89 

* Chemical analyses,  excefit for oxy e n  and hydro en ,  w r e  made by Ledow and Company, Incorporated 
(Ordmnce Contract ~A-30 -069 -505 -$RO- l~ .  T%e oxy e n  and hydro e n  analyses w r e  rnde I the 
National Research Corporation (Ordnance Contract oA-fs-ozo-ono-3d2, using the Walter tecxni,,  
of vacuum-fusion a m  l y s i s  . 

V 

3.34 
- - 

Sn 

- - 
2.38 

( .%I 

132.000 
118,000 

( p s i )  

152,000 
130.000 

(XI 

32** 
25*' 

(-40') 

9 
10 
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POROUS- BRONZE DIFFUSION PLATE 

FIGURE 2: T R A I L I N G  SHIELD for  p ro tec t ing  the h o t  weld metal whi le  s o l i d i f y i n g  
and cool i n g .  

d. Wire Feed Speed:  1 / 1 6 - i n c h  d i a m e t e r  b a r e - w i r e  e l e c t r o d e  a t  
a p p r o x i m a t e l y  400 i n c h e s  p e r  minu te .  

e. S h i e l d i n g :  P r i m a r y  - 100 e f h  h e l i u m  p l u s  10 c f h  a rgon .  
T r a i l  - 100 c f h  argon. 
Backup - W a t e r - c o o l e d  c o p p e r .  

The i n e r t - g a s  u s e d  was a commerc ia l  w e l d i n g  g r a d e  o f  t h e  h i g h e s t  p u r i t y  
c o m m e r c i a l l y  a v a i l a b l e  f o r  w e l d i n g  (99 .92% a r g o n  and  99.95% h e l i u m ) ,  

test in^ P r o c e d u r e  

T e n s i l e  p r o p e r t i e s  were  d e t e r -  
m i n e d u s i n g a  s u b s i z e  spec imen  ( F i g -  
u r e  3). The t e s t i n g  was c o n d u c t e d  
a t  a h e a d  s p e e d  o f  0.020 i n c h  p e r  
m i n u t e ,  and t h e  t e n s i l e  e l o n g a t i o n  
was measu red  o v e r  a  gage  l e n g t h  o f  
0 .75  i n c h .  

The V n o t c h  i m p a c t  t r a n s i t i o n  
c u r v e s  were o b t a i n e d  u s i n g  a modi- 
f i e d  V n o t c h  Charpy  i m p a c t  spec imen  
i n  a  s t a n d a r d  i m p a c t  machine  w i th  
anvi l s  modified so t h a t  the center  of 
percussion of the  pendulum coincided with 
the center  of the  impact specimen, This  FIGURE 3: SUBSIZE T E N S I L E  SPECIMEN 



FIGURE 4: CORRELATION OF HOD I F  IED CHARPY WITH STANDARD CHARPY (UWWELDED 
PLATE) 

50 

f 1 - 6 ~ 1 - 4 ~  HEAT M2443 
40 - 

30 - 

MOD1 F l  ED CHARPY 
(.197 x ,788)  

specimen i n  unwelded p l a t e  ha8 been found t o  p rov ide  a good c o r r e l a t i o n  with 
t h e  s t a n d a r d  V no tch  Charpy impac t  specimen i n  t h e  low-energy range ( F i g u r e  4). 

= 10 

A h a r d n e s s  su rvey  was made f o r  each  o f  t h e  weldmente i n v e s t i g a t e d .  
V i c k e r ~  h a r d n e s s  i m p r e s s i o n s  were p l a c e d  a t  0 . 0 2 - i n c h  i n t e r v a l s  u s i n g  a  
10 Kg l o a d ,  s t a r t i n g  i n  t h e  u n a f f e c t e d  base  meta l  and t r a v ' e r s i n g  th rough  
t h e  h e a t - a f f e c t e d  zone and d e p o s i t e d  weld m e t a l .  The m i c r o s t r u c t u r e s  o f  
t h e  v a r i o u s  base  m e t a l s ,  t h e i r  h e a t - a f  f e e t e d  zones  and weld d e p o s i t s  were 
examined a l  so, a n d  t y p i c a l  s t r u c t u r e s  recorded a t  X500. Specimens were 
e t c h e d  u s i n g  a s o l u t i o n  o f  one p a r t  HF, one p a r t  HNO3, and th ree  p a r t s  
g l y c e r i n e .  
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RESULTS AND DISCUSSION 

Chemical  A n a l y s i s  

Chemical  a n a l y s e s  f o r  t h e  d e p o s i t e d  weld m e t a l s  a r e  shown i n  T a b l e  111. 
Note  t h a t  i n  t h e  c a s e  o f  weldments  p r e p a r e d  w i t h  u n a l l o y e d  f i l l e r  m a t e r i a l ,  
t h e  weld d e p o s i t s  c o n t a i n e d  a p p r e c i a b l e  amounts-  o f - t h e  p r i n c i p a l  a l l o y i n g  
e l e m e n t s  ( A l ,  V ,  and S n )  a s  t h e  r e s u l t  o f  b a s e - m e t a l  m e l t i n g ,  

TABLE I11 

CHEMICAL ANALYSI S OF WELD DEPOSITS 

I n  e v a l u a t i n g  t h e  e f  f e c t i v e n e  a s  o f  t h e  gas  s h i e l d i n g  d u r i n g  we1 ding,-a 
compar ison  was made between t h e  e s t i m a t e d  and t h e  a c t u a l  amounts o f  g a s e o u s  
i n t e r s t i t i a l  e l e m e n t s  c o n t a i n e d  i n  t h e  d e p o s i t e d  weld m e t a l .  This e s t i m a t e  
was b a s e d  upon t h e  a s sumpt ion  t h a t  t h e  weld d e p o s i t s  were formed by com- 
b i n i n g  a p p r o x i m a t e l y  equa l  volumes o f  b a s e  m e t a l  and f i l l e r , *  and t h a t  n e a r -  
p e r f e c t  s h i e l d i n g  s h o u l d  p r e v e n t  an a p p r e c i a b l e  p i c k u p  o f  i n t e r s t i t i a l  s 
from t h e  a i r  s u r r o u n d i n g  t h e  i n e r t - g a s  s h i e l d .  R e f e r r i n g  t o  T a b l e  I V  i t  

TABLE I V 

Weld 
Code 

A 
B 
C 
D 

E 
F 
G 

COMPAR1SY)N BETWEEN THE ESTIMATED AND 
ACTUAL GAS CONTENTS OF WELD DEPOSITS 

F i l l e r  Metal Base Metal 

*~xanCmtCa of the cross- section of several of the wldments indicated that the percentage of 
bass natal pie l t e d  u s  between 45 and 50%. 

Chemical Analysis  (Wgt %) 

Type 

6Al-4V 
4U-4V 
4Al-4V 
5AL-2!@n 

Ti-75A 
Ti-75A 
Ti-75A 

. 
Type 

6Al-4V 
4A1-4V 
4AL-4V 
5Al-&$3 

GAL-4V 
4A1-4V' 
Shl-qS 

Weld 
Code 

A 
B 
C 
D 

E 
F 

, G 

Heat 

G52062 
2G52235 
Ml602D 
(Unhown) 

MU0 
M270 
M270 

Heat 

M2443 
X52235 
2G52235 
Dl-220530 

M2443 
2G52235 
Dl-220530 

Sn 

2.23 

1 .43 

GX ygen 
E s t .  Actual  GAIN % 

. l o 6  .122 .014 1 3  

. lo0 ,116 .Ol6 16  

. l o 1  .123 ,022 22 
,180 .155 -a025 

. l o 2  .141 .039 38 

. I06  . I 3 3  .025 23 
,150 .171 .021 13 

Al 

6.09 
4 - 2 2  
4.19 
4.78 

3.15 
2 .31 
3 ,Ol  

Fe 

. 34  
a23 
.23 
.17 

-14 
-11 
.24 

Hydrogen 
Eat: Actual  LOSS % 

,008 .007 . O D 1  8 
,012 .011 .001 1 2  
.009 .008 .001 9 
.008 .OD6 .002 25 

,012 .DO9 .003 25 
,015 .012 .OD3 20 
.014 ,008 ,006 4 3  

V 

3.84 
3.62 
3.75 

2.14 
2.09 

C 

.026 
,031  
,034 
.043 

,053 
.053 
,059 

t Nitrogen 

Est: Actual  LOSS % 

,020 .020 0 0 
.a12 .018 -.006 - 
.017 ,015 , .002 1 2  
.035 .033 ,002 3 

,037 ,024 .013 35 
,037 ,024 .013 35 
,052 .048 .004 8 

H 

,007 
.012 
.008 
.006 

,009 
,012 
.DO8 

0 

.122 

.116 

.123 

.155 

, 141  
.-I33 
'171 

N 

,020 
.018 
,015 
.033 

.024 
,024 
.048 



c a n  be s e e n  t h a t  i n  a l l  b u t  one  o f  t h e  weldments ,  t h e  a c t u a l  amount o f  oxygen 
was g r e a t e r  t h a n  t h e  e s t i m a t e d  v a l u e .  T h i s  i n d i c a t e s  a p i c k u p  o f  oxygen 
d u r i n g  we ld ing .  I n  t h e  c a s e  o f  hydrogen  t h e  c o n t e n t  was i n  a l l  c a s e s  l e s s  
t h a n  t h e  e s t i m a t e d  v a l u e ,  i n d i c a t i n g  t h a t  hydrogen  e v o l v e d  d u r i n g  w e l d i n g .  
I n  t h e  c a s e  o f  n i t r o g e n  f i v e  o f  t h e  s e v e n  w e l d s  i n d i c a t e d  t h e  a c t u a l  n i t r o g e n  
to. be  l e s s  t h a n  t h e  e s t i m a t e .  T h i s  a l s o  i n d i c a t e s  t h a t  n i t r o g e n  e v o l v e d  
d u r i n g  we ld ing .  The  l i t e r a t u r e  i s  c o n s i s t e n t  i n ' showing  t h a t  hyd rogen  
e v o l v e s  d u r i n g  w e l d i n g  and  t h a t  oxygen i s  p i c k e d  up.  The d a t a  on n i t r o g e n ,  
however ,  a r e  c o n f l i c t i n g .  The f i n d i n g s  of t h i s  r e p o r t  c o n f i r m  d a t a  r e p o r t e d  
by B a t t e l l e  Memorial ~ n s t i t u t e , ~  where f o r  63 weldments  t e s t e d  ( u s i n g  a  
m a t c h i n g  f i l l e r )  more t h a n  50% showed t h e  n i t r o g e n  c o n t e n t  o f  t h e  w e l d  
d e p o s i t  t o  be  less t h a n  t h a t  o f  t h e  b a s e  m e t a l .  E a r l i e r  work a t  Watertown 
A r s e n a l  ~ a b o r a t o r i e s , ~  however,  i n d i c a t e d  t h a t  t h e  n i t r o g e n  c o n t e n t  o f  weld  
d e p o s i t s  was l e s s  t h a n  t h a t  e s t i m a t e d  i n  o n l y  two o f  s i x  we lds  i n v e s t i g a t e d .  
From t h e o r e t i c a l  c o n s i d e r a t i o n s  e v o l u t i o n  o f  n i t r o g e n  would n o t  seem l i k e l y .  

F i g u r e  5 i s  a p l o t  o f  t h e  a l l o y  
c o n t e n t  o f  t h e  base m e t a l  v e r s u s  t h e  
a l l o y  c o n t e n t  o f  t h e  weld  d e p o s i t  
u s i n g  u n a l l o y e d  f i l l e r . ,  F o r  t h e  
p a r t i c u l a r  w e l d i n g  e o n d i t i o n s u s e d i n  
t h i s  i n v e s t i g a t i o n  i t  i s  p o s s i b l e  by 
means o f  t h i s  c u r v e  t o  e s t i m a t e  t h e  
amount o f  a l l o y i n g  e l e m e n t  t h a t  w i l l  
be t r a n f e r r e d  from t h e  a l l o y  b a s e  
m e t a l  t o  t h e  we1 d  d e p o s i t  when we1 d i n g  
w i t h  u n a l l o y e d  t i t a n i u m  f i l l e r  ma te -  
r i a l .  Thus ,  f o r  t h e  w e l d i n g  c o n d i -  
t i o n s  used dur ing  t h i s  i n v e s t i g a t i o n ,  a 
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ALLOY CONTENT - BASE METAL 

0 TIN 
- VANADIUM 

A ALUMINUM 

- 

barse c o n t a i n i n g  3% of a g iven  a l l o y i n g  FIGURE 5: RELATIONSHIP BETWEEN WELD A N D  
element  would provide  s l i g h t l y  more t han  BASE METAL ALLOY CONTENT 
1% of t h a t  e lement  t o  t h e  weld d e p o s i t ,  

T e n s i l e  T e s t s  

The t e n s i l e  p r o p e r t i e s ,  a s  d e t e r m i n e d  w i t h  a s u b s i  z e t e n s i l e  spec imen 
( s e e  F i g u r e  3 ) ,  f o r  t h e  a s - r e c e i v e d  a n n e a l e d  p l a t e  m a t e r i a l  a r e  shown i n  
T a b l e  V. Note  t h a t  t h e  t e n s i l e  p r o p e r t i e s  a r e  a p p r o x i m a t e l y  t h e  same f o r  
s p e c i m e n s  t a k e n  b o t h  l o n g i t u d i n a l  and  t r a n s v e r s e  t o  t h e  d i r e c t i o n  o f  r o l l i n g .  
The h e a t  o f  Ti-6A1-4V i n v e s t i g a t e d  h a d  t h e  g r e a t e s t  u l t i m a t e   ensile s t r e n g t h  
( 1 4 8 , 0 0 0  p s i ) ,  w i t h  t h e  Ti-5Al-2XSn n e x t  ( 1 3 8 , 0 0 0  p s i ) ,  and t h e  Ti-4A1-4V 
l o w e s t  ( 1 2 7 , 0 0 0  p s i ) .  

LEWIS, B. J., KOHJ, M. L., and FAULKh'ER, G. I., #'The Effects of In te rs t i t i a l  BLsmsnts on We tds 
in  A Lpha-Beta pitaniwn A Z loys, t' WAL Refiort No. 401/97-85, 

a RARPBOWER C. 6. and DALEY, D. M., h., "Alloy Veld DefiosCts in Unalloyed Titanium Bass Metal," 
PAL ~ e p o r f  Yo. 401/216, The We lain@ Journal, wol .  33(7&8), (July-Augzlst IQ54J. 



TABLE V 

TENSILE PROPERTIES OF BASE MATERIALS* 

*Ruerage of two t e s t s .  

The as -we lded  t e n s i l e  p r o p e r t i e s  o f  the weldments were a l s o  determined 
u s i n g  th,e s u b s i  z e  t e n s i l e  s p e c i m e n . :  Specimens were taken both t r a n s v e r s e  
and l o n g i t u d i n a l  t o  t h e  d i r e c t i o n  o f  the  weld d e p o s i t .  - The t r a n s v e r s e  
spec imens  i n c l u d e d  both  d e p o s i t e d  weld metal  and h e a t -  a f - f e c t e d  base m e t a l ,  
w h i l e  t h e  l o n g i t u d i n a l  spec imens  were  made up e n t i r e l y  o f  d e p o s i t e d  weld  
m e t a l .  The d a t a  o b t a i n e d  are shown i n  T a b l e  VI:: The t e n s i l e  j o i n t  e f f i -  
c i e n c y  was determined by d i v i d i n g  the  u l t i m a t e  t e n s i l e  s t r e n g t h  o f  the  w e l d  
j o i n t  ( a s  measured by a t r a n s v e r s e  spec imen)  by the  u l t i m a t e  t e n s i l e  
s t r e n g t h  o f  t h e  a s - r e c e i v e d  base metal: 

- 
Material 

Ti-6%41-4%V 

Ti-Ml-4%V 

Ti-5W- 2!4%Sn 

TABLE VI 
TENSILE PROPERTIES OF WELDMENTS* 

Direction 

Transverse 
Longitudinal 

Transverse 
Longitudinal 

Transverse 
Longitudinal 

Heat 

M2443 

2G52235 

Dl- 220530 

*Data are an average of two t e s t s .  
* * Data on e l o n  ation w t~ansverse  w l d e d  sfiecimens have been omitted because t h e ~ e  is both weld 

defiooit an2 t o t - a h e c t e d  zone inclvded within the gage length,  and such data.  could lead t o  
erroneow conclusions.  

***Longi tudim1 sfiecinaens consisted ent ire ly  of u ld metal. 

Yield Strength (psi) Ultimate 
(psi) 

148,000 
147,000 

127,000 
126,000 

138,000 
138,000 

.01% Offset 

126,000 
128,000 

105,000 
101.000 

132,000 
132.000 

Elon 
(%I 
*' 
7 

- -  
10 - -  
10 

- -  
13 

-- 
16 

--  
14 

- -  
17 

Ultimate 
(psi) 

152,000 
154,000 

128,000 
132,000 
128.000 
134.000 

142,000 
144.000 

134,000 
122,000 

122,000 
116.000 

130.000 
127,000 

Elon. 
(%) 

16 
15 

14 
15 

20 
19 

.l% Offset 

134,000 
144,000 

116.000 
113,000 

133,000 
133,000 

RA 
(%I 
44 
14 

42 
22 
44 
20 

38 
28 

30 
42 

125 33 

34 
33 

Weld 
Direc. 

Trans. 
Long. 

Trans. 
Long. 
Trans. 
Long. 

Trons. 
Long. 

Trans. 
Long. 

Trans. 
Long. 

Trans. 
Long. 

R.A. 
(%) 

42 
49 

44 
43 

43 
42 

. 

.296 Offset 

-135,000 
,144,000 

118,000 
116,000 

133.000 
133,000 

.2% 

138,000 
134,000 

115,000 
116,000 
116.000 
120,000 

132,000 
135,000 

126,000 
114,000 

114.000 
107,000 

124,000 
119.000 

Yield 
.01% 

100.000 
97,000 

78,000 
79,000 
86,000 
89.000 

111.000 
116,000 

102,000 
94,000 

88,000 
86,000 

108,000 
100,000 

Base MB tal  Frac 
Loc 

HAZ *'* 

HAZ 
Weld 
HAZ 
Weld 

HAZ 
Weld 

Weld 
Weld 

Weld 
Weld 

Weld 
Weld 

Strenqth 
.J% 

131,000 
127,000 

107,000 
109.000 
llO.000 
112.000 

128,000 
132.000 

120,000 
108,000 

108.000 
106,000 

122.000 
116,000 

Filler 

Type 

6A1-4V 
6A1-4V 

4A1-4V 
4Al-4V 
4A1-4V 
4A1-4V 

5A1-2)P 
5A1-25;Sn 

Ti-7SA 
Ti-75A 

Ti-75A 
Ti-75A 

Ti-75A 
Ti-75A 

Type 

6A1-4V 
6A1-4V 

4A1-4V 
4A1-4V 
4Al-4V 
4A1-4V 

5Al-2xSn 
5A1-2@n 

6M-4V 
6A1-4V 

4Al-4V 
4A1-4V 

SAl-2p 
5A1-2/& 

F 

Ef fic, 
Joint 

(%I 
102 

101 

101 

102 

90 

96 

94 

- 

Metal 

Heat 

G52062 
G52062 

2G52235 
2G52235 
M1802D 
M1802D 

unknown 
unknown 

M270 
M270 

M270 
M270 

M270 
M270 

Heat 

M2443 
M2443 

2652235 
2652235 
2652235 
2G52235 

DL-220530 
Dl-220530 

M2443 
M2443 

2G52235 
X52235 

Dl-220530 
Dl-220530 



Based on a  comparison o f  d a t a  i n  T a b l e s  V and V I '  t he  f o l l o w i n g  o b s e r v a t i o n s  
were made: - 

a. :  I n  t h e  c a s e  o f  weldments p r e p a r e d  w i t h  matchinp f i l l e r  meta l  

-5 

(1) The u l t i m a t e  t e n s i l e  s t r e n g t h  a s  i n d i c a t e d  by t r a n s v e r s e l y  
welded specimens  was g r e a t e r  than  that of  t h e  a s - r e s e i v e d  base  m e t a l ,  r e s u l t -  a 

i n g  i n  a  t e n s i l e - j o i n t  e f f i c i e n c y  somewhat g r e a t e r  than  100%. The t r a n s v e r s e  
specimens  welded wi th  match ing  f i l l e r  a l l  f a i l e d  i n  t h e  h e a t - a f f e c t e d  z o n e .  
o f  t h e  weld j o i n t ,  and t h e  u l t i m a t e  t e n s i l e  s t r e n g t h  a s  i n d i c a t e d  by l o n g i -  
t u d i n a l l  y  we1 ded specimens ( a l l  -we ld -meta l )  was c o n s i s  ten  tl  y  g r e a t e r  than  
t h a t  i n d i c a t e d  by t r a n s v e r s e l y  welded specimens.  

( 2 )  The low y i e l d  s t r e n g t h s  i n  t h e  A1-V a l l o y s  welded wi th  matching 
f i l l e r  m a t e r i a l  i n d i c a t e  t h a t  t h e  c o o l i n g  r a t e s  were s u f f i c i e n t l y  r a p i d  t o  
produce an e f f e c t  s i m i l a r  t o  t h a t  ach ieved  by s o l u t i o n  t r e a t m e n t .  T h i s  sug- 
g e s t s  t h a t  t h e  a l p h a - b e t a  welds might have been s t r e n g t h e n e d  i f  an a g i n g  
t r e a t m e n t  had been employed a f t e r  welding.  

( 3 )  D u c t i l i t y  o f  the  weld meta l  a s  measured by r e d u c t i o n  o f  a r e a  
i n  ' the  l o n g i t u d i n a l l y  welded specimens  was c o n s i d e r a b l y  l e s s  t h a n  t h a t  of  
t h e  b a s e  meta l .  I n . t h e  c a s e  o f  t h e  t r a n s v e r s e l y  welded specimens a l l  o f  
which f r a c t u r e d  i n  t h e  h e a t - a f f e c t e d  b a s e  m e t a l ,  t h e  r e d u c t i o n  o f  a r e a  was 
approx imate ly  t h e  same a s  t h a t  o f  t h e  base  meta l .  

b .  I n  the c a s e  o f  weldments p r e p a r e d  w i t h  u n a l l o y e d  f i l l e r  metal  

( I )  The u l t i m a t e  t e n s i l e  s t r e n g t h  as i n d i c a t e d  by t r a n s v e r s e l y  
welded specimens  was less t h a n  t h a t  o f  t h e  base  m e t a l ,  r e s u l t i n g  i n  a  lower 
t e n s i l e - j o i n t  e f f i c i e n c y  t h a n  t h a t  o b t a i n e d  when welding w i t h  matching f i l l e r  
meta l .  A l l  specimens  f a i l e d  i n  t h e  weld meta l .  

( 2 )  Although t h e  y i e l d  s t r e n g t h s  were low a s  compared w i t h  t h o s e  
o f  t h e  unwelded base  m e t a l s ,  t h e y  were n o t  g r e a t l y  lower  t h a n  t h o s e  o b t a i n e d  
u s i n g  matching f i l l e r  wi re .  

( 3 )  D u c t i l i t y  o f  t h e  weld meta l  a s  measured by' r e d u c t i o n  o f  a r e a  
i n  t h e  l o n g i t u d i n a l l y  welded specimens  was a p p r e c i a b l y  g r e a t e r  than  t h a t  
o b t a i n e d  wi th  matching f i l l e r .  

Notch-Bar Impact  T e s t s  

The V n o t c h  Charpy impact  t r a n s i t i o n  c u r v e s  for the  a s - r e c e i v e d  p l a t e  
a r e  p r e s e n t e d  i n  F i g u r e  6.  These c u r v e s  show t h a t  t h e r e  i s  l i t t l e  o r  no 
d i f f e r e n c e  between t h e  l o n g i t u d i n a l  and t r a n s v e r s e  impact  p r o p e r t i e s  f o r  
t h e  Ti-4A1-4V and Ti-SAl-2XSn h e a t s  i n v e s t i g a t e d .  However, i n  t h e  case o f  
t h e  Ti-6A1-4V heat, t h e  impact specimens  taken t r a n s v e r s e  t o  t h e  d i r e c t i o n  
o f  r o l l i n g  absorbed 5 t o  7 f t - l b  more energy than  t h e  specimens  t aken  i n  
t h e  longitudinal d i r e c t i o n .  The impact  ene rgy  absorbed  by t h e  t h r e e  



TESTING TEMPERATURE (OC) 

FIGURE 6: NOTCH TOUGHNESS OF ALLOYED TITANIUM BASE METALS - 
T r a n s i t i o n  curves  were ob ta ined  i n  two o r i e n t a t i o n s  by means 
o f  the modi f i ed Charpy impact specimen. 
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t i t a n i u m  p l a t e  m a t e r i a l s  a t  room t e m p e r a t u r e  and a t  -40°C i s  l i s t e d  i n  
Tab le  V I I .  - Note t h a t  Ti-4A1-4V h e a t  had a  s l i g h t  advantage o v e r  t h e  o t h e r  
two composi t ion t y p e s  - i n v e s t i g a t e d .  

TABLE VII 
NOTCH TOUGENESS OF BASE MATERIALS 

- - - - 

*COIN i s  t ? ~  sum of the carbon, gxygen, bdrogen ,  and nitrogen contents i n  wight-percent.  * 

The impact t r a n s i t i o n  c u r v e s  f o r  t h e  v a r i o u s  weld d e p o s i t s  a r e  p l o t t e d  
i n  F i g u r e  7 .  I t  can r e a d i l y  be  seen t h a t  d e p o s i t i n g  u n a l l o y e d  t i t a n i u m  
f i l l e r  i n  Al -V-a l loy  base  m a t e r i a l  produced weld d e p o s i t s  o f  a p p r e c i a b l y  
g r e a t e r  t o u g h n e s s  than  matching f i l l e r  m a t e r i a l .  I n  the  c a s e  o f  t h e  
Ti-5Al-2%Sn weldments, matching f i l l e r  produced weld d e p o s i t s  hav ing  some- 
what g r e a t e r  toughness  t h a n  t h o s e  p r e p a r e d  wi th  u n a l l o y e d  t i t a n i u m  f i l l e r .  

Ease Material 

Table  VIII: h a s  been i n c l u d e d  to  f a c i l i t a t e  compar isons  between the  
d i f f e r e n t  weld-metal  base-me t a l  combinat ions .  The s u p e r i o r  toughness  of  
law- a1 l o y  a l p h a - b e t a .  t i t a n i u m 4  and t h e  advantage i n  we ld ing  a l p h a - b e t a  
a l l o y s  wi th  u n a l l o y e d  , t i t a n i u m  - f i l l e r 5  h a s  been r e p o r t e d  e a r l i e r :  I't was 
t o  be - e x p e c t e d ,  t h e r e f o r e ,  t h a t  the weld d e p o s i t s  c o n t a i n i n g  approx imate ly  
2% o f  b e t a - s t a b i l i z i n g  e lement  would have b e t t e r  toughness  than  t h o s e  
c o n t a i n i n g  over  3- 1/ 2%. 

Impact Energy (f t-lb) 

Type 

Ti-6A1-4V 
TI-4A1-4V 
Ti-5Al-Z?? 

TABLE VIII 

Heat 

M2443 
2G52235 
Dl-220530 

Transverse 

COHN' 

.136 

.155 
,268 

Room Temp. 

20 
21 
13 

Lonqi tudinal 

NOTCH TOUGHNESS OF WELD DEPOSITS 

- - ' FAULKNER, G .  E . ,  "Phe ~ f f e c t s  of A Z  Loyin GZemnts on KeLds in Titanium, Part 11, Jhe Welding 
Ywnal.  v o l .  3U(B1. $. 285-3 (June 19557. 

-4O0C 

18 
18 
11 

Room Temp. 

13 
22 
13 

6A1-4V 
4A1-4V 
4A1- 4V 
5A1-!&5n 

6A.l-4V 
4A1-4V 
5A1-2% 

" ~ ~ 1 1 ,  P;. H. and BARTBOWER-, C .  E . ,  ''The Notch Toughness of Weld De$ositr i n  Cmmrcial  f i t o n i u  
Alloys, VAL RePwt 401/22l, The Weldinp Journal, "01.  35(91, p .  447-3 (September 10561. 

-40°C 

12 
19 
11 

' 
Base, Metal 

'hpe Heat 

M2443 
2G52235 
2G52235 
Dl-220530 

M2443 
2652235 
Dl-220530 

Fi ller hk tal 

6A1-4V 
4A1- 4V 
4Al-4V 
5A1-2Mn 

Ti-75A 
Ti-75A 
Ti-75A 

Chemistry of Weld Deposits 
COHN I A1 I V 1 Sn Type 

Impact Energy 
(ft-lb) 

RT I -40°c Heat 

G52067 
2G52235 
MlBOZD 
unknown 

M270 
M270 
M270 

% 

,175 
,177 
,180 
.237 

.227 
,222 
.286 

6.09 
4.22 
4.19 
4.78 

3.15 
2.31 
3.01 

3.84 
3.62 
3.75 

2.14 
2.09 

2.23 

1.43 

11 
22 
19 
14 

22 
29 

9 

9 
19 
16 
10 

18 
23 
7 



FIGURE 7: HCTCH TGUGti1;ESS OF MELD UEPOSIT3,prepared. i n  t i t a n i u m  
al loys  u s i n g  e ~ t h e r  m a t c h ~ n g  o r  unalloyed t ~ t a n ~ u m  f ~ l l e r  material. 
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Hardness  T e s t s  

F i g u r e  9 i l l u s t r a t e 8  t y p i c a l  
m i c r o s t r u c t u r e s  o f  t h e  Ti-6A1-4V 
base  p l a t e  and we lds  made w i t h  
matching f i l l e r  and u n a l l o y e d  
f i l l e r .  The base  meta l  c o n s i s t e d  
o f  a f i n e  deformed a g g r e g a t e  o f  
a l p h a - b e t a  phase .  T h e r e  i s  e v i -  
dence o f  r o l l i n g  d i r e c t i o n  i n  t h e  
base meta l  .which i n  t u r n  promotes 
d i r e c t i o n a l  p r o p e r t i e s  a s  n o t e d  i n  
t h e  g r e a t e r  n o t c h  t o u g h n e ~ s  i n  t he  
t r a n s v e r s e  d i r e c t i o n  (see F i g u r e  6 )  
The m i c r o s t r u c t u r e  of t h e  o u t e r  HAZ 
( d e s i g n a t e d  a s  A )  i n d i c a t e s  t h a t  
r e c r y s t a l l i z a t i o n  h a d  o c c u r r e d .  The 
s t r u c t u r e  o f  the  i n n e r  HAZ (B) ad- 
j a c e n t  t o  t h e  weld d e p o s i t  shows t h e  
p r e s e n c e  o f  t r ane formed  b e t a  i n  t h e  

V i c k e r s  h a r d n e s s  su rvey5  were soow 

FILLER METALS 

l T I - 7 S A ( M 2 7 0 )  

3 6 0  

run on each  weldment. ' Impress ions  
were p l a c e d  a t  0 .02- inch i n t e r v a l s ,  

3e0 
s t a r t i n g i n  t h e  b a s e  meta l  a n d t r a v -  
e r s i n g  t h e  h e a t - a f f e c t e d  z o n e  

3 6 0  a n d  d e p o s i t e d  w e l d  m e t a l .  T h e  
h a r d n e s s  d a t a  a r e  p l o t t e d  i n  F i g u r e  

5 4 0  8. Note t h a t  t h e  h a r d n e s s  of  t h e  
1 ow- a1 1 oy we1 d  d e p o s i t s  p r e p a r e d  
by d e p o s i t i n g  u n a l l o y e d  t i t a n i u m  "O-o* 

i n  Ti-6A1-4V and Ti-5Al-2Mn was 
c o n s i d e r a b l y  l e s s  than  t h e  weld So'- 

d e p o s i t s  made u s i n g s a t c h i n g  f i l l e r  
and b a s e  meta l .  No e x p l a n a t i o n  i e  2 8 0  
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form of  medium f i n e  a c i c u l a r  a lpha .  The weld d e p o s i t  shows b o u n d a r i e s  of 
the  o r i g i n a l  b e t a  g r a i n s  wi th  l o n g  f i n e  a c i c u l a r  a l p h a  phase  p r e s e n t .  T h i s  
type  o f  s t r u c t u r e  i s  c o r r e l a t e d  wi th  t h e  r e l a t i v e l y  h igh  h a r d n e s s  ( s e e  
F i g u r e  8)  and low n o t c h  impac t  v a l u e  ( s e e  F i g u r e  7 )  found i n  t h e  weld 
meta l .  The m i c r o s t r u c t u r e  o f  t h e  weld d e p o s i t  formed u s i n g  u n a l l o y e d  
t i t a n i u m  f i l l e r  meta l  c o n s i s t e d  o f  more a c i c u l a r  a l p h a  phase  than  t h e  weld 
d e p o s i t  made wi th  t h e  matching f i l l e r .  T h i s  may accoun t  f o r  t h e  d e c r e a s e  
i n  h a r d n e s s  ( s e e  F i g u r e  8 )  and i n c r e a s e  i n  no tch  t6ughness  ( s e e  F i g u r e  7 )  
found i n  t h e  weld made wi th  u n a l l o y e d  t i t a n i u m  f i l l e r .  

F i g u r e  10 p r e s e n t s  t y p i c a l  m i c r o s t r u c t u r e s  obse rved  i n  t h e  T i -  4 1 - 4 V  
weldmenta. The m i c r o s t r u c t u r e  o f  the ,  b a s e  meta l  c o n s i s t e d  o f  a  c o a r s e  
a c i c u l a r  s t r u c t u r e  and remnants  of c o a r s e  b a s k e t  weave a s s o c i a t e d  w i t h  
l a r g e  g r a i n  s i z e .  No d i r e c t i o n a l i t y  i s  e v i d e n t  i n  t h i s  s t r u c t u r e  (no tch  
toughness  a l s o  d i d  not show d i r e c t i o n a l i t y ,  s e e  F i g u r e  6 ) .  The micro-  
s t r u c t u r e  o f  t h e  o u t e r  HAZ l a b e l e d  (A)  and t h e  i n p e r  HAZ (B) c o n s i s t e d  o f  
v a r i o u s  amounts of t r a n s f o r m e d  b e t a  i n  t h e  form o f  l o n g  n e e d l e s  o f  a c i c u l a r  
a lpha .  The m i c r o s t r u c t u r e s  o f  t h e  weld d e p o s i t s  formed w i t h  match ing  f i l l e r  
metal  c o n s i s t  o f  a c i c u l a r  a l p h a  wi th  ev idence  o f  remnants  o f  l a r g e  b e t a  
g r a i n  boundar ies .  The amount o f  t r ans fo rmed  b e t a  phase  i n  t h e  form o f  
a c i c u l a r  a l p h a  a p p e a r s  t o  be a p p r o x i m a t e l y  t h e  same u s i n g  t h e  two h e a t s  o f  
Ti-4A1-4V f i l l e r .  T h i s  i s  c o n s i s t e n t  wi th  the. smal l  d i f f e r e n c e  i n  mechani- 
c a l  p r o p e r t i e s  between t h e  two a l l o y  d e p o s i t s .  The weld d e p o s i t  formed 
u s i n g  unal  l o y e d  t itoniurn f i 2 l e r  shows e v i d e n c e  of f i n e  n e e d l e s  o f  a c i c u l a r  
a lpha  s t r u c t u r e  w i t h  remnants  o f  t h e  o r i g i n a l  b e t a  g r a i n  b o u n d a r i b s .  The 
no tch  impact  v a l u e  o f ,  t h i s  weld d e p o s i t  i s  t h e  h i g h e s t  o f  t h e  s e r i e s  of 
weldments examined,  and t h e  h a r d n e s s  i s  h i g h e r  t h a n  t h a t  o f  t h e  weldrnent 
made wi th  Ti-6A1-4V b a s e  and Ti-75A f i l l e r  me ta l .  I n  an a t t e m p t  t o  c o r -  
r e l a t e  m i c r o s t r u c t u r e s  w i t h  d i f f e r e n c e  i n  mechanical  p r o p e r t i e s  between 
t h e  u n a l l o y e d  f i l l e r  d e p o s i t e d  i n  6A1-4V and 4A1-4V i t  was n o t e d  t h a t  t h e  
h i g h e r  h a r d n e s s  and h i g h e r  toughness  i n  t h e  Ti-75A d e p o s i t e d  i n  4A1-4V 
was a s s o c i a t e d  wi th  l e s s  a c i c u l a r i t y  and e v i d e n c e  o f  more a l p h a  p r e c i p i t a -  
t i o n .  I t  shou ld  a l s o  be not.ed t h a t  t h e  aluminum c o n t e n t  o f  t h e  Ti-75A 
d e p o s i t e d  i n  4A1-4V was lower  than i n  6Al-4V ( s e e  Tab le  VIII). 

F i g u r e  11 shows t y p i c a l  m i c r o s t r u c t u r e s  found i n  t h e  Ti-SAl-2%Sn weld- 
ments. The m i c r o s t r u c t u r e  of t h e  b a s e  meta l  c o n s i s t e d  o f  a  small e q u i a x e d  
a lpha  g r a i n  wi th  some e v i d e n c e  o f  c o l d  r o l l i n g ,  a l t h o u g h  no d i r e c t i o n a l  
p r o p e r t i e s  were i n d i c a t e d  by n o t c h  toughness  ( s e e  F i g u r e  6 ) .  I n c r e a s i n g  
amounts o f  a c i c u l a r i t y  were foupd i n  t r a v e r s i n g  from t h e  o u t e r  HAZ ( A )  t o  
t h e  i n n e r  HA2 (B). The weld d e p o s i t  c o n s i s t e d  o f  c o a r s e  a c i c u l a r  a l p h a  
made u p  o f  f a i r l y  wide p l a t e l e t s  and a s s o c i a t e d  l a r g e  g r a i n  s i z e .  T h i s  
type  o f  structure i s  u s u a l l y  a s s o c i a t e d  wi th  f a i r l y  low n o t c h  d u c t i l i t y  
( s e e  F i g u r e  7 ) .  The m i c r o s t r u c t u r e  o f  t h e  weld d e p o s i t  produced w i t h  
u n a l l o y e d  f i l l e r  i s  s i m i l a r  t o  t h a t  o f  t h e  Ti-SAl-2% base  welded wi th  
match ing  f i l l e r  me ta l .  The o n l y  d i f f e r e n c e  between t h e  m i c r o s t r u c t u r e s  o f  
t h e  matching and u n a l l o y e d  f i l l e r s  i s  e v i d e n c e  o f  more p r e c i p i t a t i o n  i n  
t h e  c a s e  o f  Ti-75A d e p o s i t e d  i n  5A1-2?4Sn. The c o a r s e  a c i c u l a r  s t r u c t u r e  
c o n s i s t i n g  of  wide p l a t e l e t s  i s  u s u a l l y  r e l a t e d  t o  t h e  low n o t c h  d u c t i l i t y .  
I t  i s  p o s s i b l e  t h a t  the  r e l a t i v e l y  h igh  i n t e r s t i t i a l  c o n t e n t  (COHN) i n  
t h i s  weld d e p o s i t  may a l s o  have c o n t r i b u t e d  t o  i t s  low n o t c h  d u c t i l i t y .  







SUhlhiARY AND CONCLUSIONS 

Remarkably s i m i l a r  t e s t  r e s u l t s  were r e v e a l e d  ( c o n s i d e r i n g  t h a t  d i f -  
f e r e n t  h e a t s  and d i f f e r e n t  we ld ing  p r o c e s s e s  were under i n v e s t i g a t i o n )  when 
cornpariaon was made between t h e  t e n s i l e  and impact d a t a  o b t a i n e d  i n  t h i s  
i n v e s t i g a t i o n  u s i n g  a  consumable -e lec t rode  s i n g l e - p a s s  weld  and t h a t  of an 
e a r l i e r  s t u d y  u s i n g  a two-paas t u n g s t e n  a r c  weld (Tab le  I X ) .  

TABLE IX 

* ~ ~ b l e - ~  butt tungsten-arc w ld (matching fi2Zer) - see Refereme 1 .  
**Sing k-V butt caslmrab le-e lectrode weld (matching f i l l e r )  . 

Using  match ing  f i l l e r  and base  m e t a l ,  t h e  weldments developed 100% 
j o i n t  e f f i c i e n c y .  There  was, however, some l o s s  o f  d u c t i l i t y  which was 
g e n e r a l l y  most e v i d e n t  i n  t h e  a1 1-weld-metal  ( l o n g i t u d i n a l  t e n s i l e )  s p e c i -  
mens. I n  the  c a s e  o f  t h e  Ti-5A1-2XSn and t h e  Ti-4A1-4V welded w i t h  matching 
f i l l e r  t h e  toughness  of  the  weld d e p o s i t s  was approx imate ly  t h e  same a s  t h e  
unwelded p l a t e .  The T i - 6 A 1 -  4vI however, c o n s i s t e n t l y  showed a l o s s  of 
toughness  a s  t h e  r e s u l t  o f  welding.  Of t h e  t h r e e  compos i t ion  t y p e s  i n v e s t i -  
g a t e d  Ti-4A1-4V had t h e  b e s t  toughness .  
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X m p a c  t 
-40% 

(f  t - l b l  

22 - -  
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18 -- 
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13 - -  
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11 - -  
10 , 

Using  u n a l l o y e d  f i l l e r  m a t e r i a l  t h e r e  was a  l o s s  o f  j o i n t  e f f i c i e n c y .  
However, a d e c i d e d  improvement i n  no tch  toughness  was r e a l i z e d  i n  t h e  c a s e  
o f  the ,  two a l l o y s  c o n t a i n i n g  vanadium; whereas,  t h e  a1 1 - a l p h a  T i -  5Al-2%Sn 
s u f f e r e d  a  l o s s  of  toughness  a s  t h e  r e s u l t  o f  welding wi th  an u n a l l o y e d  
f i l l e r .  

Tensile 
Yield U l t i -  
0.2% mate R.A .  

(KIF5) (KIPS) (96) 

134 149 44 
132 152 32 
130 140 32 

135 148 42 
138 152 44 
134 154 14 

122  136 41 
118 130 25 
121 133 25 

133 138 43 
132 142 38 
135 144 28 

Welding P r e s s  
- - 

2-pass W-arc* 
2-pass W-arc* 

- - 
1-pass Consum.** 
1-pass Consum.** 

- - 
2-pass W-arc* 
2-pass W-arc* 

- - 
1-pass Consum. **  
1-pass Consum. * *  

Test 

Base Metal 
Transv. Weld 
Al l  Weld Metal 

Exse Metal 
Transv , Weld 
All Weld k t a l  

Base Metal 
Transv. Weld 
A l l  Weld Metal 

Berse Metal 
Transv. Weld 
All Keld b t a l  

Material 
Alloy 

6kl- 4V 

- 
6 A l -  4V 

5Al- @ 

5A1-2Wn 

Heat 

M1801D 

M2443 

D30540B 

Dl-220530 
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